Because of similarities in structure and function of ORC and other replication proteins, models of metazoan replication are based in large part on the yeast model.
A Role for the Nuclear Envelope in Origin Selection
Disrupting nuclear integrity has been shown to abolish origin specificity in late G1 (post-ODP) CHO nuclei: permeabilization in such a way that nuclei are unable to exclude large molecules results in replication of the DHFR locus without a preferred initiation site (references in Gilbert, 1998). This likely reflects a requirement for an intact nuclear envelope in restricting the access of Xenopus factors (perhaps ORC, which is highly abundant in egg extracts) to chromatin. Studies in Xenopus embryos at the mid-blastula transition (MBT) reveal a Chromatin structure appears to play a role in origin seintact ORC at specific chromosomal sites is one mechalection. The transition to specific origins at the Xenopus nism by which these changes in origin use might occur.
MBT is accompanied by a variety of changes including the onset of zygotic transcription, changes in chromatin structure, and changes in the attachment of chromatin to the nucleoskeleton. Although it has long been observed that nascent DNA is associated with the nucleoskeleton and that matrix/scaffold attachment sites are often found near replication origins, changes in nucleoskeletal attachment have been ruled out as a determinant of origin specificity at the MBT (Maric and Hyrien, 1998). In contrast, altered histone H4 acetylation and the incorporation of histone H1 into chromatin at the MBT suggest a relationship between chromatin structure and origin selection; this relationship is supported by recent experiments demonstrating that histone H1 has a direct inhibitory effect on the assembly of prereplication complexes on Xenopus sperm chromatin (Lu et al., 1998 and references therein). Furthermore, when condensed metaphase chromosomes from hamster cells are added to Xenopus extracts, the DHFR locus is replicated from a novel origin, and activity of this valent modifications of DNA also appear to play a role replicating domains in the subsequent S phase in Xenopus extract (in vitro) to early-and late-replicating doTaken together, these results suggest that chromatin structure can affect origin choice, but this relationship mains labeled independently during the previous S phase in hamster cells (in vivo). In nuclei isolated at least is likely to be complex and may vary from locus to locus. Replication Timing and Nuclear Repositioning 2 hr after metaphase, early-and late-replicating domains are appropriately distributed. In contrast, nuclei isolated Chromosomal domains replicate at characteristic times during S phase that often correlate with gene activity: only 1 hr after metaphase replicate DNA, but the distribution of early and late replication domains appears ranactive loci typically replicate early in S phase and inactive loci replicate later. It is not yet clear whether gene dom with respect to previously labeled early-and latereplicating sequences (Figure 3 ). These observations activity is influenced by replication timing, or whether replication timing is a consequence of gene activity, but were confirmed by the molecular analysis of specific loci with known replication timing: the proper temporal these possibilities are not mutually exclusive. One factor that may influence both gene activity and replication order of replication was observed only in nuclei isolated after the TDP. Thus, replication timing is programmed timing is position within the nucleus. The colocalization of inactive genes with Ikaros and HP1 proteins near in CHO nuclei between 1 and 2 hr after metaphase. Further experiments demonstrate that nuclei that have centromeric heterochromatin in interphase nuclei, and the dynamic repositioning of active versus inactive reached the TDP have not yet acquired the ability to recognize DHFR ori-␤, indicating that the TDP and ODP caution when extrapolating results from one organism are independent events. Furthermore, both the ODP and or experimental system to another. The identification of the TDP precede the restriction (R) point, a late G1 confurther similarities and the reconciliation of differences trol point after which cells are committed to S phase among these diverse systems will be important for refinentry independent of growth conditions (Figure 1 ; refering models of replication control in higher eukaryotes. ences in Gilbert, 1998).
